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The Surface Properties of t he  
Quinoline-Insoluble Fraction of Pitch 

by M. S. Morgan, W .  H. Schlag, and M. H. W i l t  
Mellon Ins t i t u t e ,  Pittsburgh 13, Pennsylvania 

Introduction 

The general consensus of the l i t e r a t u r e  on binder mater ia l s  f o r  t he  pro- 
duction of Soderberg electrodes in the aluminum industry is t h a t  a coal-tar pi tch 
i s  the preferred binder material.1) Studies directed toward establishing the  most 
sui table  msthods f o r  t h e  preparation of a n  electrode-binder p i t ch  fmm a coal t a r  
and methods f o r  improving the binding qual i ty  of pitches have been of  considerable 
in t e re s t  t o  both the  producer and the consumer of electrode-binder pitch. 
compressive-strength measurement on t e s t  electrodes has been a sa t i s f ac to ry  method 
cf syaluating pitches f o r  production of carbon electrodes, this method is time- 
consuming. 
efficacy on Tne basis  of the chemical and physical properties of the pitch. 
then would it be possible t o  in t e rp re t  the binding action in terms of pi tch can- 
Dosition and perhaps t o  modify t i e  pi tch i n  a manner which would have a predictable 
e f f ec t  on the binder action. 

Although 

It would be much more sat isfactory t o  be able t o  predict  electrode-binder 
C-fily 

Charette and Bischofberger2) concluded tha t  p i t ch  quali ty,  as expressed 
by tine compressive strength of t e s t  electrodes,  i s  apparently not a function of any 
pitch property taken individually, but ra ther  of a combination of properties. 
investigators end others  have considered correlat ions of compressive strength of 
electrodss with such properties of pitch as  coking value, density, aromaticity, 
softeaing points, and d i s t r ibu t ion  of f ract ions produced by solvent extraction, 

These 

One general method of characterizing pitches is t h a t  of solvellt analysis. 
In one such technique, t he  pi tch i s  extracted f i r s t  with a paraff inic  solvent and 
the  residue i s  then re-extracted successively with benzene and quinoline. M a r t i n  
and Welson3) s t a t e  t h a t  "in pitch binder quali ty,  the quinoline-insoluble (Q.I.) 
fraction, e s sen t i a l ly  a nonfusible powder, is important". 

The technological importance of the 0.1. f r ac t ion  of pi tch is recognized 
by the inclusion of a &.I. minima * in m a n y  specif icat ions f o r  electrode-binder 
pitches. Information on the  s c i e n t i f i c  significance of the 0.1. material is  ra the r  
scarce. It i s  hown t h a t  the Q.1 material  per se does not contribute d i r ec t ly  t o  
the binding action of t he  pitch,41 and generally it is considered as L 2 r t  material  
which may have a benef ic ia l  e f f ec t  in decreasing the  e f f ec t  of temperatue on t h e  
viscosity of pitch.5) . Thus, one notes in the  l i t e r a t u r e  a tendency to consider the 
0.1. portion of pi tch a s  a f ine ly  dispersed carbonaceous f i l l e r  of questionable 
function in the binding action of the pitch. 

Because l i t t l e  information could be found on the surface properties of the 
Q.I. fract ion of pitch and because studies of the surface chemistry of carbon black 
have led to  a be t t e r  uders tanding  of the use of this material  in the  rubber indus- 
try, an exploratory study of the surface properties of the Q.I. portion of pi tch uas 
made. It was hoped tha t  t h i s  information might lead t G  a be t t e r  understanding of 
the function of Q.I. material  in the applications of pi tch as  an electrode binder. 

i 
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Experimental 

For this work, a t o t a l  of nine experimental binder pitches, represent iw 
a considerable range of 8.1. content, was selected. 
these pitches a re  summarized in Table I. 
of Q.I. from 2.44 t o  13.1 per cent,  had been prepared t o  an approximite constant 
softening point of W O C .  
content, pi tch A w a s  thermelly t r ea t ed  t o  produce pitch B h a w  a very high bezene- 
insoluble and quinoline-insoluble content. 
content by centrifugation of a quinoline suspension of the parent t a r  of pitch A, 
followed by removal. of the quinoline and further d i s t i l l a t i o n .  

The usual analyt ical  data on / 

Pitches 1 through 6, representing a range 

In order t o  achieve rather  extreme var ia t ion in ‘2.1. 
f Pitch C was produced t o  have a 1m Q.I. 

1 

Table I 

Analytical  Data on Exuerimental Pitches 

Softening Benzene QuinolFne Coking 
Point, ;C Insoluble, Insoluble, Beta- Value, 

P i tch  C.I.A. W t  % W t  % Resinw % 

1 89.0 33.2 13.1 20.1 56.8 
2 90.2 32.6 12.8 19.8 57.1 
3 93.5 29.7 10.58 19.1 54.1 
4 94.9 28.0 9.13 18.9 52.7 
5 90.6 17.5 6.87 10.6 50.2 
6 88.2 13.0 2.44 10.6 49.8 
A 102.3 25.5 12.4 13.1 56.7 
B 98.5 - 50.3 35.0 15.3 64.9 
C 95.0 25.0 4.2 20.8 51.9 

- 

* Cube-Fn-Air Method. I 

Eenzene Insoluble Minus Q.I. E q u a l s  Beta-Resin. 

Carbon, 
5 

93.34 
93 .u  
93.31 
92.88 
92.55 
91.35 
93.22 
93.48 
93.29 

~Wdr~gm, 
5 

4.36 
4.07 
4.18 
4.44 
4.38 
4.77 
4 . 2  
4.00 
4.52 

Atomic 

%ti0 

1.80 
1.93 
1.87 
1.76 
1.78 
I. 61 
1.84 < 
1.96 
1.73 

C / x  i 

I 

1 Tnermal Treatment of a 74OC pitch at 380OC for 24 hours and back-blending ?rim 9.1 
per cent of starting pitch.  

2 Laboratory d i s t i l l a t i o n  of soft pitch from a production tar. 

3 Laboratory d i s t i l l a t i o n  of 36.2 weight per cent f-?m a production tar. 

4 Elend of 88.55 weight per cent 105OC pitch (produced by d i s t i l l a t i o n  of l i g h t  t a r  a t  
50 m t o  300OC) with 11.45 per cent of coal-tar d i s t i l l a t e  o i l  (boil ing 23C-27OoC). 

5 A production pitch a f t e r  removal of n-heptane solubles. 

6 Laboratory d i s t i l l a t i o n  of a 69OC pitch frop l i g h t  tar. 

S A pitch produced by plant  d i s t i l l a t i o n  of production tar. 

B A p i t ch  produced by thermal treatment of pi tch A.to have maximum benzene-insolu3le 
and quinoline-hsoluble content. 

A pitch produced by adding quinoline t o  the parent t a r  of pitch A, centrifuging 
t h i s  mixture t o  remove insolubles.  and then d i s t i l l i n ? .  

2 

I 

The 4.1. f ract ions used f o r  the present study were isolated a s  fdlorps: 
a 100 g portion of pitch vas crushed and ground t o  pass a 6O-msh sieve. 
W a s  then added slowly with stirring t o  250 m l  of piarm (70-90OC) quinoline in a 600 d 
beaker. After 15-20 minutes a t  t h i s  temperature, the mixture w a s  f i l t e r e d  tkmugh a 

The Pitch 
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Buchner funnel f i t t e d  with a Whatman No. 50 f i l t e r  paper. 
washed with an additional 250 m l  of warm quinoline in small  portions and then w i t h  
500 m l  of benzene t o  remove the @noline. 
a t  110-ll5OC for  one hour. This method of preparation gave yields of Q.I. materials 
nearly equal t o  those obtained by the analytical  procedure and reported in Table I. 

S face-area measurements were made using the method of Brunauer, Emmett,  
and Tel le r .8  The samples were degassed a t  20OoC for  12 hours before measur- the 
nitrogen isotherm at 77OK. 

according t o  the procedure of Jones, Simon, and Wilt.7) 

The retained 0.1. were 

After a i r  drying, the Q.I. were oven-dried 

Spechen electrodes were prepared using the various pitches as binders 

Results and Discussion 

The data on the Q.I. fractions of the experimental pitches are mmnnarized 
i n  Table 11. For these particular samples, it was noted that the surface area per 
gram of 8.1. tends t o  decrease as  the amount of Q.I. in the pitch increases (Figure I). 
This trend is exhibited both by pitches 1 through 6 and by the interrelated series,  
A, B, C, although the r a t e  of change varies. 
such as  thermal treatment, which tends to  increase the amount of 8.1. in the pitch, 
also produces an agglomeration or increase in part ic le  s ize  of the Q.I. material. 

This observation suggests that  a process 

Table I1 

Data on the Quinoline Insolubles 

Quinoline- 
Insoluble 
Fraction 

1 
2 
3 
4 
5 
6 
A 
B 
C 

C.V. - Q.I. 
P.I. 
3.34 
3.46 
4.1 
4.8 
6.28 

19.4 
3.57 
0.85 

n . 4  

Surf ace 
Area, * 

9.4  
10.4 
13.2 
16.3 
16.8 
22.9 
15.9 
8.0 

19.4 

Surface Area 
per 100 g Pitch, 

m2 

123 
133 
140 
148 
n 6  

55 
197 
280 
82 

Carbon, 

92.59 
93.02 
93.06 
91.60 
93.13 
91.45 
94.76 
94.67 
93.36 

tB 
AYdrog.=, 
k 

3.06 
2.43 
2.01 
2 . u  
2.00 
2.47 
1.89 
3-04 
2 . 3  

B t d c  
C h  

Ratio 
2.54 
3.21 
3.89 
3.64 
3.90 
3.10 
4.21 
2.61 
3.41 

It is  of interest  t o  note that  thermal treatment of a pitch (A) c o n t a h h g  
12.4 per cent Q.I. with a surface of 15.9 m2/g yielded a product pitch (B) containing 
35.0 per cent Q.I., but with a surface of only 8.0 #/g. when the C.I. content was 
rsduced t o  4.2 per cent by extraction of the parent tar with quinoline, centrifugation 
t o  remove most of the Q.I., removal of solvent, and dis t i l la t ion,  the residual Q.I. 
in the pitch (C) had a surface area of 19.4 n?/g. 

In a number of cases (such as tlie 8.1. from pitches 6 and 2), the Q.I. was 
found t o  be almost entirely spherical in  habit  (Figures 2 and 3 ) .  It will be noted 
that the particle sizes are of the same order of magnitude as those anticipated from 
surface area measurements, with pitch 6 ha- the smaller particle size and higher 
surface area. 

Having shown that  8.1. material can differ  In surface area and particle 
size, it was of interest  t o  examine the surface for  differences i n  chemical reactivity.  
For t h i s  purpose, the polarographic reducibil i ty of the surface of the Q.I. material 
was determined by the method of H a l l u m  and DNshel.8) 
polarographic reducibil i ty of the Q.I. appeared t o  be a direct  function of the surface 

As noted in Figure 4,  the 
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area. 
t&en 1-s an indication of t i e  chezical rs~fcr ini ty  of the s-uface of the Q.1 .  material. 
n e  l imited nmoer of samples e x m h e d  prohi t i t  ai?$ firm Cositisn cn t h i s  izdicafisn. 
Hoseyler, t i e  significance of surf ace reducib i l i ty  might .. be 1 2 ~ ~  yof i ' a j l g  ~ I ~ ~ J ~  

in the  study of Q.1.k of t i e  saxe surface area qnere cifferaoces in r$acti-riiji  ?-"I 
suspected. A sample of p e t r o l e m  coke of cmmparable surface azo= s??o~ed no ~ e a u c i -  
b i l i t y .  

This relationship betveen polarographic reducibil i t jr  z?d surface area 1 2 s  

Before considering t i e  e f f ec t  of the  surface =ea 3f the  2.1. ps r i ioz  of 
pitches on the  properties of electrodes prepand fror? pitches,  the z ~ = i l a b l e  da ta  7ie'p 

I f  
t he  su-face area of the  Q. I .  i s  a Thpo?tE?Iit fac tor  in  br;ldiTg 2ctioz, it sensed 
reasonable t o  anticipate some e f f ec t  on the  y ie ld  of coke availaide f m  the pitch. 

If it  i s  assumed that a l l  quinolinne-soluble material  i s  a ~ r e l 2 b l e  f o r  I h e  

f o r  evidence of surface e f f ec t s  during the coE? 3f the  pitch itsel-2. 

fornation of coke and t i a t  4.1. i s  r e l a t ive ly  mchanged dwir!! coiib?!, & clot  of .zcli? 
famed (cold= value - Q . I . )  per d t  weight 3f Q.1. v e r s x  the  s ~ x f a c e  z e 2  per 
weight of Q.I .  should give an indication of <he e f fec t  of Q.I. surface L-ea o n  the  
y i e ld  of coke. 
surface area promote a high y i e ld  of coke p?r unit Teight of Q.I. 
B and C, produced from A, s h m  this sane qilali tative rel2ttCnSkL?. 
suggests t h a t  the  surface of the Q . I .  aay function 2s the  sits s f  coke fox2Yion. 

Figure 5 sh0:7s t h i s  relationship and indicates ;dat Q.I. Is 7rith a i ' = h  --3 

%-e v z r l a s i t  - . .  ? i t c i ? s  . .  
%is :o~et:snsnl> 

The usual t e s t  da ta  f o r  Vie spec-hen electrodes are tabdater !  i n  Tebla IIi. 
The apparent density, r e s i s t i v i t y ,  and cmpressive strergti? o f  &,Le e l s c ~ r c d a s  zs a 
function of the  amount of surface avaiiable from the Q.I. ~h 100 p of 5Lxie- =?e 
shown in Figures 6, 7 ,  and 8. These fi,yres shorn t ha t  appereit  d?nsi+-- - *.i = r d  z c z ~ ~ r e s -  
s ive  strength reach a r n W  a t  about 125-150 n;' of =%-face b 1CO g sf ?itch, 232 
the r e s i s t i v i t y  reaches a minimum in the  sane region. 

P i tch  

1 
2 
3 
4 
5 
6 
A 
B 
C 

- 

Also. 

Table I11 

Test Data on Soecben Electrodes 
Prepared from Z g e r b e n t a l  Pitc'res 

Apparent Density, Resistivity,  Compressive Szreq*&, 
g/C$ ohm-cm k</C$ 

1.46 
1.47 
1.44 
1.45 
1.43 
1.39 
1.45 
1.36 
1.46 

60.1 1.0-4 
60.3 
65.2 I t  

59.0 
66.8 
70.1 " 
59.6 'I 

74.0 I' 

55.5 'I 

557 
577 
472 
5W 
458 
357 
490 
356 
5 3 s  

these figures suggest -+&at an optinmi surface area o r  p s t i c l e  s ize  
af Q.I. exists'vhich permits tie formation of electrodes *Kith o p t i n x i  ?rope-ziss. 
Tne results a re  quite s imi la r  t o  those of Krylov e t  al, 
of the  free-carbon content of  p i t ch  t h a t  a7 about 16 per  tent f ree  carbcr~ ;he d e n s i 7  
and compres ive  strength of electrodes pass through a a8ximu;n and r e s i s t i v i t y  -?aches 

found ia t h e i r  szucies 

a mi-. 97 

Conclusions 

Although the  Q.I. f r ac t ion  of an electrode-binder p i tch  reportedly has no 
binding ac-cion i n  i t s e l f ,  it i s  cred i ted  v i t h  being im3ortant t o  electrode-hinter 

1 
'1 

i 
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efficacy of tbe pitch.  '!%e a c t u d  ro le  of +he Q.I., however, remains vague. It Bas. 
therefore the purpose or' this s t d a  t o  ex2nize 'tie surface properties of Q.1.l~ of 
several  exge rken ta l  pitches i,? the hope t h a t  some in fomat ion  might thus be obtained 
~ n i c h  T o d d  ba he lpfu l  in elucidati-rg $52 r o l e  of 'he 8.1. On the bas i s  of nine 
d i f fe ren t  pitches, the C i . 1 . l ~  of Hhich varied, i r r e g u l a l y ,  from 2.44 t o  35 per cent, 
t i e  iol lombg e f f e c t s  were observed: 

t 

h 

, 

d 

i 
1 

1. 

2 .  

3. 

4.  

Tie la rger  the percentage of C.1. content of a p i tch ,  the smaller is the surface 
=ea per p r z n  of Q.I., a d  henca the  larger i s  the  averxge p a r t i c l e  size. 
is qual i ta t ive ly  borne out by elecsmn ?notomicroscopy. 

The solamgraphic r educ ib i l i t y  of the  Q.I. aGpe2rs t o  be d i r e c t l y  r e l a t ed  t o  
surface. area, zn k d i c a t i o n  %?at the r eac t iv i ty  of t i e  surface i s  e s sen t i a l ly  
uniform. 

Lae y i e l d  of a m  cokii-r,O value per  pran of Q.I., 9.1. , is d i r e c t l y  r e l a t e d  
t o  t i e  surface =ea j e r  pram of Q.I. 
serve as she s i t e  of neu coke f o n a t i o n .  

Zvaluaticn of test electrcdes ? r e p e e d  f x m  these pitches ind ica tes  that 'here 
m y  be an o g t k m  =&m<e of L?~ts r iac ia l  %rea between the  Q.I. and the remainder 
of 7h2 pitch. In t h i s  r a q e ,  tne appar-ront density a d  compressive s t r eq th  o f  
the e l e c t x d e s  925s throK-h a mmbm a d  she r e s i s t i v i t y  through a mininUm. 

This 

C . V .  - Q.I. 
an. 

Tais suggests t h a t  t he  (2.1. surface may 

This stuQ has been an exsdna t i cn  of sane of the  parameters of the Q . I .  
ahich zight shad l i gh t  3n i t s  function in the  pitch.  
~qf, generdized t r ends  of some Q.I. s roper t ies  %-ill be u s e t U  t o  investigators who 
=i-s currently exp1orh.g this f i e ld .  

I t  i s  hoped t h a t  these prelimi- 

Ac h o w l  +iige2t 

.T.: -2-s ~ork 72s dcne by t h e  C o a i  Chemicals Project sustained by the United 
States S tea l  Ccrpcirstisn. 
Csrcoraticn's Xppl i ea  ?.ssezch Laboratory- f o r  pemission t o  use scme of t he  data pre- 
sen-ltd bsra:iith. 
i s  also gxse f i i i l y  .-choTls+ed. 

Th'f;e axtnors Ash to express Their appreciation t o  the  
. .. '%e czmr i su t ion  of the I n s t i t u s e ' s  Xesearch S e n i c e s  Oepartment 

Xeferences 

1. A. D~rney ,  l '? i tch 3inder for Carbon in "Indus t r ia l  Carbon and Graphite", 

2 .  

3 .  S. ' K .  Martin a d  5 .  X .  Nelsm, Ind. -0. Chem., a, 33 (1958). 
4 ,  

j. 2. :I. 3 r a s  a d  5 .  ? i c k a d ,  

6. 

7 .  2. L. Jones, Jr.,  A. by. Sinon, and M. 8. T i l t ,  paper presented before the Division 

Scci2ty of Chasnical Industry, Landon, 1953. 

L. ?. Ciara t te  a i d  C. T .  aischofberger, ind. Dq. Chem., a, 14l2 (1955). 

3. aruckner and G. iiuber, Ges- u. Wasserfach, 2, 104 (1950). 

Coal Tu", 1931, p.  27 (London, 5. Metropolitan Gas Capan,,;.. 

S. Brunauer, ?. 8. h e t t ,  ana E. Teller,  J. .$a. Chem. SOC., @, 309 (1938). 

b-?'restigation i n t o  the  Nature and ?roperties of 

of Gas and Fuel ChenisSrj a t  the  135t'n Meeting of t he  hsierican Chemical Society, 
aoston, >lass., April  7, 1959. 

8. J .  V. H a l l u m  ar?d B. V. Drushel, J .  Wys. Chem., &, 110 (1958). 

3. 7. N. X~jlov,  A. S. ?clubelova, and A. G .  aogdanova, J. Appl. Chem. (U.S.S.R. ) , 
3, 365 (1950). 



-132- 

Q 20 
N 

0 
0 

I 
1 

\ 

1 
1 

0 
V 
0 

I I I I I I - _  

0 5 IO 15 20 25 30 35 
Per Cent of 9. I. in Pitch 

Figure 1. The Q.I. Content of the Pitch Versus Q.I. Surface Area 

, 

Figure 2. F’hotomicrograph of the Q.I. of Pitch 6, Illustrating 
a Q.I. of High Surface Area 
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Figure 3. Photomicrograp?l of the ‘2.1. of Pitah 2, Illustratbg 
a Q.I. of Low Surface Area 

I 

I 

Figure 4 .  Relationship of the Polarographic Reducibility to 
the Surface Area of the 0.1. 
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Surface Areo /g. of Q.I., m2 

Figure 5. Relationship Between the Yield of New Coking Vdlue per 
Gram of 8.1. (C.V.  - Q.I./Q.I.) and the Surface Area per 
Gram of the Q.I. 

Figure 6, 7, & 8.  Relationships Between the Resistivity, Apparent Density, 
and Capressive Strength of Test Electrodes Prepared 
from Each of the Experimental Pitches and the Surface 
Area of the Q.I. in 100 g of the Respective Pitch 


